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Background. M i c r o b i a l translocation has been impl icated i n the pathogenesis o f l iver fibrosis and cirrhosis. W e 

sought to determme whether markers o f mic rob ia l translocation are associated w i t h l iver disease progression du r ing 

coinfect ion w i t h h u m a n immunodef i c i ency virus ( H I V ) and hepatitis C virus ( H C V ) , 

Methods. We measured serial plasma lipopolysaccharide (LPS), endotoxin core antibody, intestinal fa t ty ac id -

b ind ing protein ( I -FABP) , soluble C D 1 4 (sCD14), in ter leukin 6 ( IL-6 ) , in ter leukin 10, and t u m o r necrosis factor a 

( T N F - a ) levels over a 5-year per iod i n 44 H I V / H C V - c o i n f e c t e d women, 21 o f w h o m experienced Uver disease pro

gression and 23 were nonprogressors. 

Results. WhUe LPS levels d i d no t d i f fe r s ignif icantly over t ime between progressors and nonprogressors 

(P = .60), progressors had s ignif icant ly higher plasma levels o f sCD14, a marker o f monocyte activation by LPS, at 

the first t ime poin t measured (P = ,03) and th roughout the study per iod (P = ,001); progressors also had higher I L - 6 

and I -FABP levels over the 5-year study per iod (P = ,02 and ,03, respectively). The associations between progression 

and sCD14, I-FABP, and I L - 6 levels were unchanged i n models cont ro l l ing f o r H I V R N A and CD4'*^ T-cel l count. 

Conclusions. A l though LPS levels d i d not d i f fer between liver disease progressors and nonprogressors, the associ

ation o f sCD14, I-FABP, and IL-6 levels w i t h l iver disease progression suggests that impa i rment o f gut epithelial integ

r i ty and consequent microbial translocation may play a role i n the complex interaction o f H I V and H C V pathogenesis. 
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Liver disease, most o f t en due to hepatitis C virus 

( H C V ) , is an increasingly c o m m o n cause o f m o r b i d i t y 

and mor ta l i ty among persons infected w i t h h u m a n i m 

munodeficiency virus ( H I V ) [ 1 - 3 ] , I t is clear that H I V 

accelerates the course liver disease progression among 

coinfected persons, but the cause o f this accelerated 

progression is no t fuDy understood [ 1 , 4 ] . 
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Microb ia l translocation has been implicated i n the 

pathogenesis o f l iver disease associated w i t h alcohoMsm 

and graft versus host disease [ 5 - 7 ] , K u p f f e r cells, w h i c h 

are hepatic macrophages, can be activated by l ipopo ly

saccharide (LPS), Free LPS binds to K u p f f e r cells via i n 

teraction w i t h LPS b i n d i n g pro te in and C D 1 4 [8] , The 

LPS complex, via Tol l - l ike receptor 4 (TLR4) and t ran

scr ipt ion factor nuclear factor K - B , sensitizes hepatic 

stellate cells to t r ans forming grovrth factor (3 and the ac

t ivat ing effects o f K u p f f e r cells. Act ivated stellate cells 

produce a ma t r ix r i ch i n type 1 collagen, leading to 

hepatic fibrosis [9 ] , H o w impor t an t these mechanisms 

are i n HIV/HCV-assoc ia ted liver disease is unclear. 

Events early i n H I V in fec t ion result i n translocation 

o f microbes and mic rob ia l products across the gut 

mucosa in to the systemic circulat ion. The destruction 

o f gut-associated l y m p h o i d tissue occurs early i n H I V 

infection through virus-induced apoptosis o f CD4* T 
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lymphocytes o f the intestinal submucosa [10-12] and increases 

the permeability o f the gut. There are l i m i t e d data on the i n f l u 

ence o f microbial translocation o n HIV/HCV-associa ted liver 

disease progression du r ing H I V infect ion. Balagopal et al, i n a 

cross-sectional study o f H I V / H C V - c o i n f e c t e d persons, demon

strated that l ow C D 4 ^ T-ceU counts and h igh LPS levels were 

independently associated w i t h cirrhosis [13]. I n a look-back 

study o f 53 HIV- in fec ted individuals w i t h hepatitis C, elevated 

LPS levels were seen < 1 year but no t >1 year before cirrhosis d i 

agnosis [13]. 

W e sought to add to the understanding o f the influence o f 

microbia l translocation on HIV/HCV-assoc i a t ed liver disease 

by compar ing longi tud ina l plasma markers o f microbia l trans

location, macrophage activation, and i n f l a m m a t i o n in H I V / 

HCV-coinfec ted w o m e n w h o experienced significant liver 

disease progression to markers i n w o m e n who experienced 

m i n i m a l or no progression. 

M E T H O D S 

This study involved w o m e n f r o m the Chicago site o f the 

Women 's Interagency H I V Study ( W I H S ) . The W I H S is a l o n 

gi tudinal study o f H I V - i n f e c t e d and demographicaUy similar 

uninfected w o m e n at 6 sites: Chicago, San Francisco Bay Area, 

Brook lyn and Bronx /Manha t tan , N e w York , Washington, 

D . C , and Los Angeles. W o m e n are seen semiannually f o r an 

interview, physical examinat ion, and col lect ion o f b lood and 

genital specimens. I n f o r m e d consent was obtained f r o m all 

participants i n accordance w i t h US Depar tment o f Heal th and 

H u m a n Services guidelines and the ins t i tu t ional review boards 

o f part icipating inst i tut ions. The cohor t was designed to reflect 

the demographic characteristics o f US w o m e n infected w i t h 

H I V . Details o f cohort recrui tment, retention, and demograph

ic characteristics are published elsewhere [14 ,15] , 

Study subjects were H I V / H C V - c o i n f e c t e d women . H C V i n 

fect ion was defined as H C V ant ibody and R N A posi t iv i ty at 

baseline measurement. Soluble markers o f microbia l transloca

t ion , intestinal mucosal integri ty, and i n f l a m m a t i o n were mea

sured f r o m banked specimens, f rozen at - 8 0 ° C since coUection. 

W e compared markers f r o m retrospectively defined intervals 

du r ing wh ich w o m e n manifested liver disease progression to 

intervals du r ing w h i c h there was no cl inical , pathological, or 

noninvasive-marker-based evidence o f l iver disease progres

sion. Liver disease was ascertained by analysis o f a liver biopsy 

specimen, conf i rmat ion o f liver-associated death, or measure

ment o f the foUowing noninvasive markers: aspartate transami

nase (AST) level to platelet count rat io index (APRI) , calculated 

as ( [AST level/upper h m i t o f the n o r m a l AST level]/[platelet 

count ] ) X 100, where the AST level is expressed as uni ts / l i ter 

and the platelet count is expressed as the number o f platelets/ 

l i ter mul t ip l i ed by 10^; and the fibrosis 4 (FIB-4) score, calculat

ed as ([age x AST level] / [platelet count x A L T leve l ] ) "^ , where 

the age is expressed i n years, the AST and alanine transami

nase ( A L T ) levels are expressed i n units/ l i ter , and the platelet 

count is expressed as the number o f platelets/liter mul t ip l i ed by 

10^ [16 -19] . Liver-associated death was ascertained by review 

o f death certificate. I n the case o f liver-associated death, the 

soluble markers were measured on a specimen obtained ap

proximately 1 year before death to ensure that liver disease was 

present bu t to avoid measurement o f markers that may reflect 

p remor tem infectious or i n f l a m m a t o r y conditions. 

Soluble markers were measured at 3 t ime points fo r each 

woman; t ime points were approximately 2.5 years apart. T i m e 

1 ( T l ) f o r aU w o m e n was a po in t when liver biopsy and bo th 

A P R I (<0.5) and FIB-4 score (<1.45) indicated no or m i n i m a l 

fibrosis and self-report indicated no clinical evidence o f end-

stage liver disease. For l iver disease progressors, T3 was a po in t 

5 years later when there was biopsy-conf i rmed cirrhosis or 

b r idg ing fibrosis, liver-associated death w i t h i n approximately 1 

year, or the A P R I (>1.5) and FIB-4 score (>3.25) were consis

tent w i t h cirrhosis. For nonprogressors, T3 was a po in t when 

there was no cl inical evidence o f end-stage liver disease and 

when liver biopsy or bo th A P R I (<0.5) and FIB-4 score (<1.45) 

indicated no or m i n i m a l fibrosis. T 2 was equidistant between 

T l and T3, usually 2.5 years f r o m each, w i t h a range o f 2 to 3 

years. 

A P R I and FIB-4 score are the most c o m m o n l y used n o n i n 

vasive markers i n the W I H S because the data necessary to cal

culate t h e m are available at most W I H S visits. A n A P R I o f > 1.5 

has been f o u n d to have area under the receiver operating curve 

o f 0,76 f o r biopsy-proven significant fibrosis ( M E T A V I R stages 

F2-4) and 0,82 f o r cirrhosis i n a large meta-analysis inc luding 

HCV-infec ted patients w i t h and wi thout HFV infection [20] and 

ranges o f 0.71-0,82 fo r signif icant fibrosis and 0,81-0,92 and 

cirrhosis i n large series [21] , The negative predictive values o f 

an A P R I o f <0,5 f o r lack o f signif icant fibrosis have been f o u n d 

to be 8 0 % - 9 1 % i n popiUations w i t h a prevalence o f fibrosis 

simUar to that among W I H S participants [16, 20] , Several 

reviews have f o u n d that the accuracy o f the A P R I f o r cirrhosis 

was the same or better i n studies o f H I V / H C V - c o i n f e c t e d 

persons, compared w i t h accuracy i n studies o f H C V - m o n o i n -

fected persons [17, 20] , A FIB-4 score o f >3.25 has been f o u n d 

to correlate w i t h severe fibrosis ( M E T A V I R stages F3-4) , w i t h 

an area under the receiver operating curve o f 0,72-0.85, and a 

FIB-4 score o f <1,45 has been f o u n d to have a negative predic

tive value o f 95% f o r significant fibrosis i n one large study o f 

H I V / H C V - c o i n f e c t e d persons [20 ,22] , 

Laboratory Methods 

Plasma LPS levels were quant i f ied i n dupUcate by dUution o f 

plasma specimens to 10% w i t h endotoxin-free water, using a 

L imulus amebocyte assay (Lonza Group, Switzerland). The 

background level was subtracted, and LPS levels were calculat

ed by foUowing the manufacturer 's recommended protocol . 
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I m m u n o g l o b u l i n M endo tox in core (EndoCAb) and intestinal 

fatty ac id-b ind ing pro te in ( I -FABP) levels were quant i f ied 

using an enzyme-linked immunoso rben t assay (ELISA; Hycu l t 

Biotech, Uden, the Netherlands). Soluble C D 1 4 (sCD14) levels 

were measured i n plasma d i lu ted to 1:200, and data were ana

lyzed by ELISA according to the manufacturer 's instructions (R 

& D Systems, Minneapol is , M N ) . Commerc ia l ly available 

ELISAs were used to measure levels o f t u m o r necrosis factor a 

(TNF-ct; B D Biosciences, San Jose, C A ) , in ter leu ldn 6 ( IL-6 ; R 

& D Systems), and in ter leukin 10 ( IL-10; R & D Systems). Lab

oratory investigators were b l inded to the l iver disease progres

sion status o f participants. 

Statistical Methods 

Demographic and c l in ical characteristics were assessed at 

various periods ( T l - 3 ) , wh ich correlated w i t h measures o f the 

soluble plasma markers. A t the in i t i a l study visit , age, mean 

C D 4 * T-cell count, mean H I V R N A level, and in jec t ion d r u g 

or cocaine use i n the previous 6 months (by self-report) was as

sessed. Add i t i ona l characteristics evaluated inc luded mean 

C D 4 * T-cell count and mean H I V R N A level at each visit, use 

o f h ighly active antlretroviral therapy d u r i n g the study per iod, 

alcohol use (by self-report), and hepatitis C treatment. The 

crude association between progression and each categorical co

variate was assessed using unadjusted odds ratios (ORs), 95% 

confidence intervals (CIs), and P values (calculated by the 

Fisher exact test); continuous variables were compared by the t 

test. Crude associations between progression and each plasma 

marker were also assessed at T l , T2 , T3 , and aU visits, using t 

tests. M u l t i p l e generalized linear regression models (using Proc 

G L M ) were fit to assess associations and slopes f o r each serum 

marker, s t rat i fying by progression status and t ime and control 

l i n g fo r log H I V R N A level and C D 4 ' ' T-cel l count. P-values 

f r o m regression models are reported fo r demonstrat ing d i f fe r 

ences i n slopes between progressors and nonprogressors fo r 

each plasma marker. A U analyses were pe r fo rmed i n SAS soft

ware, version 9.2 (SAS Insti tute, Gary, N C ) . Graphs were pro

duced using STATA, version 10.0. 

R E S U L T S 

For ty- four participants i n the Chicago W I H S site were studied, 

o f w h o m 21 d i d and 23 d i d no t experience progression o f l iver 

disease. Characteristics o f the 44 w o m e n are i n Table 1. The 

median interval between T l and T3 was 4.9 years and d i d no t 

d i f fer between progressors (4.8 years) and nonprogressors (5.0 

years). The ma jo r i t y o f w o m e n i n bo th groups were A f r i c a n 

Amer ican , and the mean age at T l was 41.6 years. The CD4* 

T-ceU count was relatively preserved, w i t h mean values at T l o f 

421 cells/mm^ fo r progressors and 526 ceUs/mm"^ f o r nonprog

ressors (P = .27); progressors had a s ignif icant ly lower mean 

CD4"^ T-ceU count than nonprogressors on the basis o f values 

f r o m the entire study per iod (371 vs 492 ceUs/mm^; P = .02). 

Relationship of Plasma Markers to Liver Disease Progression 

Table 2 summarizes the quantitative plasma marker data and 

the associations w i t h l iver disease progression, and Figures 1-4 

depict the plasma markers values over t ime. Figure I shows 

LPS and E n d o C A b levels over t ime i n progressors and n o n 

progressors. There was no difference between progressors and 

nonprogressors i n the LPS level or slope i n unadjusted models 

or models w i t h adjustment fo r H I V R N A load or CD4"' T-ceU 

count. For EndoCAb, progressors had a nonsignif icant t rend 

toward a lower level overaU (P = .07), w h i c h persisted i n the 

model w i t h H I V R N A load ( P = .07) bu t was attenuated i n the 

mode l w i t h CD4^ T-ceU count (P = .22). There was no change 

over t ime or difference i n slope i n crude models or those w i t h 

adjustment fo r H I V R N A load and CD4'*' T-ceU count. 

Figure 2 depicts levels o f sCD14 and IL-6 i n l iver disease pro

gressors and nonprogressors. The level o f sCD14 was s igni f i 

cantly higher i n progressors at T l ( P = . 0 3 ) and overaU 

(P = .001), but the slope was not d i f ferent ( P = .75). W h e n the 

H I V R N A load and CD4"' T-ceU count data were added to the 

model testing the association between sCD14 level and liver 

disease progression, the relationship d id no t change (P = .003 

and P = .002, respectively). A d d i n g alcohol use to the model at

tenuated the association, but i t remained significant ( P = . 0 1 ) . 

Progressors had a higher level o f I L - 6 overaU than nonprogres

sors (P = .02), and the level increased significantly over t ime f o r 

progressors (slope, 1.1; P = .03). I n the models that adjusted fo r 

H I V R N A load and C D 4 * T-ceU count, the association between 

progression and I L - 6 level remained significant (P = .04 and 

P = .04, respectively), but when alcohol was added to the 

model , the association attenuated to nonsignificance ( P = .10). 

Figure 3 shows results f o r T N F - a and IL-10 levels. T N F - a 

levels and slopes d i d no t d i f f e r between progressors and n o n 

progressors. For IL-10 , progressors had a higher level overall 

than nonprogressors (P = .05), w i t h no change i n relationship 

i n adjusted models ( H I V R N A load. P = . 0 4 ; CD4-" T-ceU 

count, P = .03) and no difference i n slope. Figure 4 shows 

results f o r I -FABP. I -FABP levels were simUar at visit 1 but sig-

n i f ican t iy higher at vis i t 3 ( P = .01) and overaU ( P = .03) i n p ro

gressors. The I -FABP level increased signif icandy w i t h t ime, 

w i t h a slope o f 388 f o r progressors (P < .001) and a slope o f 

76.9 f o r nonprogressors (P = .20). These findings were similar 

i n models that inc luded H I V R N A load and CD4'^ T-ceU count. 

Relationship of Plasma Markers to HiV RNA Load 

Two markers had significant relationships w i t h HFV R N A level: 

sCD14 and I L - 6 levels increased as the H I V R N A load increased 

(P = .0005 and P = . 0 0 0 7 , respectively). Levels o f LPS ( P = . 4 7 ) , 

T N F - a ( P = .86), IL-10 ( P = .43), and EndoCAb ( P = .47) showed 

no significant relationship w i t h the H I V R N A level. 
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Table 1. Demographic and Clinical Characteristics for 44 Liver Disease Progressor and Nonprogressor Study Subjects Coinfected With 

Human Immunodeficiency Virus (HIV) and Hepatitis C Virus in Whom Liver Disease Did or Did Not Progress 

Characteristic 
Progressors 

(n = 21) 
Nonprogressors 

(n = 23) 
Univariate OR 

(95% Cl) 

Age at T l , y 

Interval between Tl and T3, y 

Race/ethnicity 

White, non-Hispanic 

White, Hispanic 

African American, 

non-Hispanic 

CD4+T-cell count, cells/mm^ 

Tl 

Al lstudvvisits(n = 131)^ 

CD4+T-cell percemage 

T l 

All study visits (n = 131)'^ 

HIV RNA load, copies/mL 

T l 

Al istudyvisits(n = 131)'* 

Visits during which HIV RNA load was 
undetectable'' 

HIV RNA load at T l forthose with a 
detectable HIV RNA load (n = 26) 

HIV RNA load for those with a 
detectable HIV RNA load (n = 73)^ 

Visits during which HAART was used" 

Maximum alcohol use, 
drinks/wk 

None 

<8 

8-14 

>15 

Liver disease ascertainment 

By liver biopsy 

By confirmation of 
liver-associated death 

By serum marl<er analysis 

Any hepatitis C treatment 

IDU since most recent visit before T l 

Cocaine use since most recent visit 
before T l 

42.4 ±7 .4 

4.8 ±0.62 

8(38.1) 

0(0) 

13(61.9) 

421.0 ±267.8 

371.0 ±271.4 

20.3 ±8.5 

20,5 ±10.4 

15 420.5 ± 3 0 190.4 

12 7894 ±613 973 

37/63 (58.7) 

24 667.5 ± 3 6 585.8 

213 830 ±787 349 

36/63(57.1) 

7(33.3) 

5 (23.8) 

2 (9,5) 

7 (33.3) 

8(38,1) 

6 (28.6) 

7 (33,3) 

1 (4.8) 

2 (9.5) 

8(38.1) 

40.8 ±5 .7 

5.0 ±0.33 

8 (34.8) 

1 (4.3) 

14(60.9) 

526.0 ±343.8 

491.7 ±299.8 

27.0 ±10,3 

27.4 ±9 .4 

12 156,1 ± 2 2 007.6 

38 836.8 ±185 216 

36/68'' (52.9) 

19 079.3 ± 2 6 179.5 

72 851.7 ±251 275 

28/69 (40.6) 

4(17.4) 

13(56.5) 

2 (8.7) 

4(17.4) 

8 (34.8) 

15(65.2) 

1 (4.4) 

5(21.7) 

6(26.1) 

1.04 (.31-3.52) 

Reference 

1.27 (.63-2,53) 

1.95 (.98-3.90) 

1,10 (,06-18,77) 

0,38 (,07-2.21) 

1.74 (.48-6.28) 

.44 

.17^ 

,62'= 

.27'^ 

.02" 

.0001 ^ 

.73" 

.28" 

.60 

.65" 

. 31 " 

,08 

.16= 

>.999 

.42 

.52 

Data are mean + SD or no. (%l of subjects, unless otherwise indicated. See Methods for definitions of Tl and T3. 

Abbreviations; Cl, confidence interval; HAART, highly active antlretroviral therapy; IDU, injection drug use; OR, odds ratio, 

" By the Fisher exact lest, unless otherwise indicated. 

" Bythe ( t e s t 

" By global analysis. 

" One subject did not have data for 1 visit. 

" Data are for 3 visits per subject. 

Relationship of Plasma Markers to CQH* T-Cell Count w i t h a higher C D 4 * T-cell count {P = ,001). There was no signif-

A higher IL-6 level was associated w i t h a lower CD4"^ T-cell icant relationship between CD4"^ T-cel l count and levels o f LPS 

count (P = ,02), and a higher EndoCAb level were associated (P = ,63), sCD14 (P = ,34), IL-10 P = (,82), or T N F - a (P = .60), 
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Table 2. Associations Between Quantitative Plasma Marker Levels and Liver Disease Progression 

pa 

Variable, by Time Point(s) Overall Progressors Nonprogressors Unadjusted Adjusted" 

T l n = 44 n = 21 n = 23 

LPS level, EU/mL(n = 4 3 r 0,38 ±0,33 0.35 ±0.27 0.41 ±0,38 .53 .59 

EndoCAb level, MMU/mL 110.8 ±82,5 99.5 ±72.3 121,2±91,3 .39 ,42 

sCD14level, pg/mL 2359,9 ±447,6 2510.7 ±453.9 2222,2 ±403,4 ,03 .02 

IL-6 level, pg/mL 3.1 ±2.5 3.4 ±2.0 2.9 ±2.9 ,56 .57 

IL-10 level, pg/mL 10.6±9.5 12.7± 12.5 8.8 ±5.1 .20 .11 

TNF-a level, pg/mL 2.2 ±6 .8 3.8 ±8.8 0.6 ±3.7 ,13 .11 

I-FABP level, pg/mL 476.1 ±378,5 475,8 ±356.6 476.4 ±405,4 .99 .87 

T3 n = 4 4 n = 21 n = 23 

LPS level, EU/mL 0.32 ±0.24 0.33 ±0,18 0.32 ±0.28 ,90 .31 

EndoCAb level, MMU/mL 87.7 ± 82.4 68.7 ±63.6 105,0 ±94,6 ,15 .10 

sCD 14 level, pg/mL 2473.0 ± 607.6 2615.4 ±603.7 2342.9 ± 594.3 .14 .33 

IL-6 level, pg/mL 4.9 ±3,8 5.5 ±3,7 4,4 ±3.9 ,33 .69 

IL-10 level, pg/mL 9.6 ±4.7 9,9 ±5.6 9.2 ±3.7 .63 .74 

TNF-a level, pg/mL 3,08 ±8.1 3.2 ±6.9 3,0 ±9 .2 ,94 ,97 

I-FABP level, pg/mL 926.9 ±799,3 1252.0 ± 1001.2 630.2 ±380,2 .01 .001 

T l - 3 n = 132 n = 63 n = 69 

LPS level, EU/mL (n = 131)"= 0.37 ±0,28 0,36 ±0.25 0,37 ±0.30 .69 .60 

EndoCAb level, MMU/mL 97,9 ±78.8 85,2 ±66.7 109,4 ±87,3 .07 .07 

sCD14 level, pg/mL 2416.3 ±531.0 2571.6 ±483.6 2274.6 ± 536.0 .001 .003 

IL-6 level, pg/mL 3.9 ±3,3 4.6 ±3.3 3,2 ±3 ,2 ,02 ,04 

IL-10 level, pg/mL 9.8 ±6.9 11,0 ±8.7 8.6 + 4.6 .05 .04 

TNF-a level, pg/mL 2.8 ±7,7 3,8 ±8,5 1,8 ±6.9 .13 ,14 

I-FABP level, pg/mL{n = 131)= 673.2 ±597,9 796.1 ±734,5 559,4 ±408,6 .03 .005 

Data are mean ± SD. See Methods for definitions of T l - 3 . 

Abbreviations: EndoCAb, antibody to endotoxin; EU, endotoxin units; I-FABP, intestinal fatty acid binding protein; IL-6, interleukin 6; IL-10, interleukin 10; LPS, 

lipopolysaccharide; K/IMU, immunoglobulin M median units; sCD14, soluble CD14; TNF-a, tumor necrosis factor a. 

' By the ttest. 

Adjusted for log human immunodeficiency virus RNA load. 

° One subject did not have data for 1 visit. 

D I S C U S S I O N 

I n this study, we demonstrated that levels o f markers o f macro

phage activation (sCD14), intestinal mucosal integri ty ( I -FABP), 

and i n f l ammat ion ( IL -6 ) were higher i n H I V / H C V - c o i n f e c t e d 

w o m e n dur ing intervals when signif icant Uver disease progres

sion occurred, compared w i t h intervals when m i n i m a l or no 

progression occurred. W h i l e LPS levels d i d no t d i f f e r between 

progressors and nonprogressors, there was a nonsignif icant 

t rend toward lower EndoCAb levels ( P = . 0 7 ) , w h i c h may 

suggest increased clearance o f LPS f r o m the c i rculat ion i n l iver 

disease progressors, compared w i t h nonprogressors [23] , 

Monocyte activation, as evidenced by elevated sCD14 levels, 

was associated w i t h the most consistent and significant d i f fe 

rence between progressors and nonprogressors, and the sCD14 

level was significantly higher i n progressors even at the first 

vis i t studied, 5 years before the l iver disease end po in t . I n the 

models w i t h adjustment f o r H I V R N A level and C D 4 ^ T-ceU 

count, the relationship o f the sCD14 level to Uver disease pro

gression remained h igh ly significant (P = ,003 and 0.002, re

spectively), a l though i t was sl ightly attenuated when excess 

alcohol use was added to the model (P = .03), A l though other 

s t imul i may activate monocytes, an elevation i n the sCD14 level 

is usually caused by LPS b ind ing , and sCD14 is considered a 

marker o f LPS-induced i n f l a m m a t i o n [24 ,25] , The relationship 

between monocyte activation and l iver disease progression is 

supported by what is k n o w n about the pathogenesis o f liver fi

brosis and f r o m previous w o r k invo lv ing H C V - m o n o i n f e c t e d 

and H C V / H I V - c o i n f e c t e d persons, K u p f f e r ceUs, the hepatic 

macrophages, when stimulated by LPS, secrete in f l ammatory 

cytokines such as in ter leukin 1, I L - 6 , and T N F - a , wh ich i n 

t u r n lead to the activation o f steUate cells. W h e n activated, stel

late ceUs produce a ma t r ix r i ch i n coUagen, w h i c h leads to 

hepatic fibrosis [9 ] , I n a cross-sectional study compar ing pa

tients vd th hepatitis B virus ( H B V ) or H C V monoinfec t ion , 

w i t h or w i t h o u t fibrosis, to uninfected controls, Sandler et al 
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Figure 1. Plasma lipopolysaccharide (LPS) and endotoxin core antibody (EndoCAb) ievels among liver disease progressors and nonprogressors over a 

5-year period. A, There was no significant difference between progressors and nonprogressors in the LPS level in simple models (P= .70). There was also 

no significant difference in the slope, after adjustment for log human immunodeficiency virus (HIV) RNA level (P= .60) or CD4* T-cell count {P= .63), B, 

There was a trend toward lower EndoCAb levels at all time points [P= .07). The statistical significance of the difference was unchanged in a model with 

log HIV RNA level (P= ,07) but was attenuated in a model with CD4'' T-cell count {P= .22). There was no significant difference in slope. See IVlethods for 

definitions of T l -3 . Abbreviations: EU, endotoxin units; MMU, immunoglobulin M median units. 

f o u n d that, whi le the LPS level was higher i n patients w i t h viral 

hepatitis, the level d i d no t correlate w i t h l iver disease severity. 

However, the sCD14 level was associated w i t h cirrhosis and 

markers o f hepatic i n f l a m m a t i o n . As i n our study, the down

stream effects o f microbia l translocation, monocyte activa

t ion , and IL-6 secretion were associated w i t h l iver disease 

progression, but the LPS level i tself was not. O f interest, Sandler 

et al f o u n d that a higher sCD14 level predicted nonresponse to 

hepatitis C therapy [25]. 

O u r findings and those o f Sandler et al contrast w i t h results 

o f a study by Balagopal et al, w h o f o u n d that a higher LPS level 

is associated w i t h cirrhosis i n H C V - i n f e c t e d persons w i t h and 
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Figure 2. Comparison of soluble CD14 (sCD14) and interleukin 6 (IL-6) levels between liver disease progressors and nonprogressors. A, For sCD14, 

levels were significantly higher in progressors overall (P=,001; P=.003 after adjustment for log human immunodeficiency virus [HIV] RiMA load; F=.002 

after adjustment for CD4* T-cell count) and at Tl [P= .03). The association remained significant in a model that adjusted for log HIV RNA load and alcohol 

use (F=,01 over all time points). There was no difference in slope between progressors and nonprogressors after adjustment for log HIV RNA level 

[P= .75) or for log HIV RNA level and alcohol use (F= .94). B, For IL-6, leveis were significantly higher in progressors for all visits (P= ,02; P= .04 after ad

justment for log HIV RNA load); adding alcohol use to the model attenuated the association to nonsignificance (P= ,10), IL-6 levels increased significantly 

with time in progressors, with a slope of 1.1 (F= ,03); the slope for nonprogressors was 0.74 [P= ,12). However, when tested in the adjusted model with 

log HIV RNA load (P= .80) or in the adjusted model with log HIV RNA load and aleohol use {P= .62), the slopes did not differ. See Methods for definitions 

of T l -3 , 

those w i t h o u t H I V coinfec t ion [13] , That the sCD14 level 

alone, rather than the LPS and sCD14 levels [2.5], is associated 

w i t h Hver disease progression i n H I V / H C V - c o i n f e c t e d persons 

may reflect the rap id clearance o f circulat ing LPS i n vivo, the 

lack o f bioactive LPS p roduc t ion by some translocated bacteria 

(eg, gram-positive organisms), or the l imi ta t ions o f the L imulus 
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Recent reports of reduced response to standard therapies for Clostridium difficile infection (GDI) and the risk 

for recurrent GDI that is common with all currently available treatment agents have posed a significant chal

lenge to clinicians. Gurrent recommendations include metronidazole for treatment of mUd to moderate GDI 

and vancomycin for severe GDI. Results from small clinical trials suggest that nitazoxanide and teicoplanin 

may be alternative options to standard therapies, whereas rifaximin has demonstrated success in uncontrolled 

trials for the management of multiple recurrences. Anecdotal reports have also suggested that tigecycUne 

might be useful as an adjimctive agent for the treatment of severe complicated GDI. Reports of resistance will 

likely limit the clinical use of fusidic acid and bacitracin and, possibly, rifaximin if resistance to this agent 

becomes widespread. Treatment of patients with multiple GDI recurrences and those with severe complicated 

GDI is based on limited clinical evidence, and new treatments or strategies are needed. 

Ten to 20 years ago, there was l i t t le interest i n devel

oping new treatment agents f o r Clostridium difficile 

infect ion (GDI) because G D I i n most patients 

responded to metronidazole or vancomycin therapy, 

recurrent disease was c o m m o n but more easily 

managed, and severe complicated cases o f G D I were 

infrequent [1] , D u r i n g the past decade, the epidemiol

ogy and clinical picture o f G D I have changed dramati

cally and the l imitat ions o f current treatment options 

have become more apparent. Before the approval o f 

f idaxomicin earlier this year, oral vancomycin was the 

only agent approved fo r the treatment o f G D I in the 

Uni ted States by the Food and D r u g Adminis t ra t ion , 

Mul t ip l e dosing requirements, cost, relative efficacy, 

risk for recurrence, development o f resistance, and 

adverse reactions l i m i t other treatment options 

(Table 1). Here, we review the currently available G D I 
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treatment agents w i t h emphasis on their l imi ta t ions 

and the general approach to managing recurrent G D I 

and severe complicated G D I . 

C U R R E N T L Y A V A I L A B L E T R E A T M E N T 

O P T I O N S 

Vancomycin 

Oral vancomycin has remained a highly effective treat

ment agent for G D I and is the preferred comparison, anti

biotic for treatment trials o f new therapeutic agents [2], 

The agent is no t absorbed, and the concentrations o f 

vancomycin in mil l igrams per gram o f feces that are 

achieved vastly exceed the m i n i m u m inh ib i t o ry con

centration ( M I G ) fo r C. difficile by mul t ip l e folds [3] , 

Al though vancomycin is h igh ly effective fo r in i t i a l 

cure, a recurrence rate o f 20% has been demonstrated 

repeatedly [2] , Perhaps f o r this reason, clinicians are 

of ten tempted to increase the dose o f vancomycin or 

extend the length o f treatment fo r the subsequent 

episode. Neither o f these strategies has been tested, and 

w i t h data showing h igh fecal concentrations o f vanco

m y c i n achieved by the 125 m g dose [3] , there is l i t t le 

just if icat ion for this approach. Vancomyc in treatment 

delays recovery o f the indigenous fecal microbiota [4] , 
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to this manifestation, a potential intervent ion migh t be the 

administration o f monoclonal antibodies against toxins A and 

B [41] or the use o f hyper immune intravenous immunog lobu

l i n i f they become available. 

I n summary, treatment o f G D I has relied p r imar i l y on met

ronidazole and vancomycin for the past 30 years. A l though 

these and other agents w i l l still have a role i n treatment o f 

patients w i t h G D I , l imitat ions o f these agents have stimulated 

the development o f newer therapies. I t is hoped that fhe re

cently approved agent f idaxomic in and other agents that are 

still i n development w i l l improve the treatment o f patients 

w i t h G D I . 
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